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(54) Fuel injection pump

(57) A fuel pump (10) for use in an internal combus-
tion engine comprises a pump housing (12) provided with
a plunger bore (14), a pumping plunger (16) which is
movable within the plunger bore (14) by means of a cam
drive arrangement to perform a pumping stroke to pres-
surise fuel within a pumping chamber (18) and a cam
follower arrangement (42) interposed between the cam
drive arrangement and the pumping plunger (16) so as
to transmit a drive force of the drive arrangement to the
pumping plunger (16). The cam follower arrangement
(42) includes a timing advance piston (56) for advancing
or retarding the timing of the pumping stroke, and control
means for controlling the timing advance piston (56) so
as to advance or retard the timing of the pumping stroke.
The timing advance piston (56) is provided with a groove
(76) on its outer surface for receiving fluid, thereby to
provide a centralising force to the timing advance piston
(56), in use. The cam follower arrangement (42) advan-
tageously includes an advance piston spring (50) which
is housed within a spring cage (40) received within a low-
er portion of a return spring (38) for the pumping plunger
(26).
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Description
Technical field

[0001] The invention relates to a fuel injection pump
for an internal combustion engine (for example, a diesel
engine). In particular, the invention relates to a fuel in-
jection pump provided with timing advance for controlling
the timing of pressurisation of fuel.

Background to the invention

[0002] Inknown fuelinjection systems, a high pressure
fuel injection pump is arranged to supply fuel from a
pumping chamber to an associated injector arranged
downstream of the pumping chamber. The injector may
be arranged in a common housing with the pump or may
be separated from the pump by a dedicated injector sup-
ply line. The pump includes a pumping plunger which is
reciprocal within a plunger bore to perform a pumping
cycle including a pumping stroke and a return stroke.
During the pumping stroke, the pumping plunger is driven
by means of a cam drive arrangement to reduce the vol-
ume of the pumping chamber so that fuel within the pump-
ing chamber is pressurised. Pressurised fuel is delivered
from the pumping chamber to the injector through a pump
outlet via an outlet valve. During the return stroke (or
filling stroke), the pumping plunger is withdrawn from the
plunger bore under a return spring force so as to increase
the volume of the pumping chamber. Fuel fills the pump-
ing chamber through afill/spill portin communication with
a low pressure reservoir during that part of the return
stroke for which the fill/spill port is open.

[0003] Itis particularly important to be able to control
accurately the timing and quantity of fuel delivery to the
engine cylinder so as to improve fuel economy and en-
gine emissions. For this purpose it is known to provide
the pumping plunger with control features so as to provide
control of the quantity and timing of fuel that is delivered
during the pumping cycle. By way of example, the plunger
defines an upper controledge onits end face in the pump-
ing chamber and is provided with a helical groove on its
side face to define alower control edge. During the pump-
ing stroke, pressurisation of fuel in the pumping chamber
is commenced when the upper control edge closes the
fill/spill port into the pumping chamber. Pressurisation is
terminated when the pumping plunger has moved suffi-
ciently far through the pumping stroke for the lower con-
trol edge defined by the helical groove to open commu-
nication between the pumping chamber and the fill/spill
port and, hence, the low pressure drain.

[0004] The angular position of the pumping plunger
determines the point in the pumping stoke at which the
upper control edge of the pumping plunger closes the fill/
spill port, thus starting fuel pressurisation earlier, or later,
inthe pumping stroke. Consequently, this varies the point
in the injection cycle at which injection is initiated. The
angular position of the pumping plunger also determines
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the point in the pumping cycle at which the helical groove
registers with the fill/spill port, thus terminating pressur-
isation (and hence injection) earlier, or later, in the pump-
ing stroke. The variation of the effective stroke between
the upper control edge of the pumping plunger and the
lower control edge of the helical groove varies the deliv-
ered fuel quantity. During the effective stroke, the regis-
tration of the outer surface of the pumping plunger with
the fill/spill port closes communication between the fill/
spill port and the low pressure drain.

[0005] To provide further adjustment of the timing of
initiation of fuel delivery, it is known to provide the pump
with a timing advance arrangement. A cam follower ar-
rangement is typically disposed between the pumping
plunger and the cam drive arrangement, the cam follower
arrangement including a timing advance piston which is
movable in response to fluid pressure controlled by an
advance control. The advance piston is mounted within
a bore provided in a cam follower component, such as a
tappet. By pressurising the advance piston, itis displaced
outwardly from the rotational axis of the cam which, in
turn, displaces the pumping plunger further away from
the rotational axis of the cam. The position of the pumping
plunger within the plunger bore determines fuel injection
timing, as described above, and so the advance piston
provide a means for adjusting the timing, depending on
whether the advance piston is advanced or retracted un-
der the advance control. The use of a timing advance
device of the aforementioned type is known to have par-
ticular benefits when running under cold conditions as it
allows white smoke emissions to be decreased.

[0006] It has been observed that in fuel pumps provid-
ed with a timing advance device as described above,
there is atendency for the advance piston and the tappet
bore to become misaligned during running due to the
poor length to diameter ratio of the piston. Also, any con-
centricity misalignment of the advance piston relative to
the tappet bore will affect the leakage rate through the
clearance between the components, giving an undesir-
able performance variability between different units.
[0007] Itis anobject of the present invention to provide
a timing advance device for use in a fuel pump which
overcomes or alleviates the aforementioned problems.

Summary of the invention

[0008] Accordingtoafirstaspectoftheinvention, there
is provided a fuel pump for use in an internal combustion
engine, the fuel pump comprising a pump housing pro-
vided with a plunger bore, a pumping plunger which is
movable within the plunger bore by means of a drive ar-
rangement to perform a pumping stroke to pressurise
fuel within a pumping chamber, and a cam follower ar-
rangement interposed between the cam drive arrange-
ment and the pumping plunger so as to transmit a drive
force of the drive arrangement to the pumping plunger.
The cam follower arrangementincludes atiming advance
piston and control means for controlling the timing ad-



3 EP 1835168 Al 4

vance piston so as to advance or retard the timing of the
pumping stroke. The timing advance piston is provided
with agroove on its outer surface for receiving fluid, there-
by to provide a centralising force to the timing advance
piston, in use.

[0009] In a preferred embodiment, the cam follower
arrangement includes a follower body (e.g. atappet drive
member) provided with a bore within which the timing
advance piston is moved.

[0010] Itis convenient for the bore in the tappet to be
made relatively short, but this then provides only a short
guidance length for the timing advance piston. As aresult,
it has been observed in conventional fuel pumps that
there is a tendency for the timing advance piston to tilt
off-axis in the tappet bore as it is moved back and forth
to adjust the timing of the pumping stroke. In extreme
circumstances the timing advance piston may become
stuck altogether. The present invention avoids this prob-
lem as the outer groove receives fluid which applies a
radial centralising or balancing force to the outer surface
of the timing advance piston, thus reducing the tendency
of the piston to tilt. The balancing force is achieved by
means of supplying fluid, preferably through a lateral drill-
ing extending through the timing advance piston, to an
annular groove on the outer surface of the piston.
[0011] In a preferred embodiment, the groove is an
annular groove which extends fully around the circum-
ference of the outer surface of the timing advance piston.
This provides a particularly beneficial balancing force to
the timing advance piston. Other options for the groove,
however, are also envisaged.

[0012] Preferably, the timing advance piston defines a
control chamber for receiving fluid under the control of
the control means. The control means typically includes
a valve for controlling fluid supply to the control chamber.
The valve is preferably a temperature-sensitive valve
which is operable to permit fluid supply to the control
chamber under relatively cold conditions. In this way the
timing of the fuel pump can be adjusted in response to
engine temperature and, in particular, timing can be ad-
vanced under cold conditions.

[0013] The control means may further include a non-
return valve arranged at an inlet to the control chamber.
Preferably, the non-return valve is retained within a fur-
ther spring cage located within the control chamber.
[0014] Itis an advantage to further provide a retaining
spring to act on the further spring cage, so as to retain
the cage in position during the return stroke of the pump-
ing plunger and a period of the pumping stroke of the
pumping plunger for which the pumping plunger is de-
celerating. Without the retaining spring there is a risk that
the further spring cage could become dislodged.

[0015] Inapreferred embodiment, the control chamber
communicates with the groove by means of a lateral drill-
ing or bore provided in the timing advance piston.
[0016] It is advantageous to provide the pump with a
plunger return spring which serves to bias the pumping
plunger outwardly from the plunger bore to perform a
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return stroke.

[0017] It is further advantageous to provide the cam
follower arrangement with an advance piston spring
which serves to urge the timing advance piston into a
retarded position. The advance piston spring and the
plunger return spring are preferably substantially con-
centric with one another.

[0018] A spring cage may be provided, preferably
through which an end of the pumping plunger is received,
wherein the advance piston spring is housed within the
spring cage.

[0019] In apreferred configuration, one end of the ad-
vance piston spring is in engagement with an internal
surface of the spring cage and the other end of the ad-
vance piston spring is in engagement with a spring plate
carried by the pumping plunger.

[0020] It is also preferable for the spring cage to be
carried by a drive member of the cam follower arrange-
ment.

[0021] According to a second aspect of the invention,
there is provided a fuel pump for use in an internal com-
bustion engine, the fuel pump comprising a pump hous-
ing provided with a plunger bore, a pumping plunger
which is movable within the plunger bore by means of a
drive arrangement to perform a pumping stroke to pres-
surise fuel within a pumping chamber and a cam follower
arrangement interposed between the cam drive arrange-
ment and the pumping plunger so as to transmit a drive
force of the cam drive arrangement to the pumping plung-
er. The cam follower arrangement includes a timing ad-
vance piston for advancing or retarding the timing of the
pumping stroke. The timing advance piston is biased into
aretarded position by means of an advance piston spring.
The cam follower arrangement is provided with a spring
cage for housing the advance piston spring.

[0022] The provision of the spring cage to house the
advance piston spring is particularly advantageous be-
cause it removes any dependency of the pre-load of the
advance piston spring on the timing shim that is usually
provided on the main pump housing to set the static pump
timing.

[0023] It will be appreciated that the preferred and/or
optional features of the first aspect of the invention may
also be incorporated in the second aspect of the inven-
tion, alone or in appropriate combination.

Brief description of the drawings

[0024] The invention will now be described, by way of
example only, with reference to the accompanying draw-
ings in which:

Figure 1 is a section view of a fuel pump of a first
embodiment of the invention incorporating a timing
advance arrangement;

Figure 2 is an alternative section view of the fuel
pump in Figure 1, to illustrate a timing control feature
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on the plunger,

Figure 3 is an enlarged view of a part of the timing
advance arrangement in Figures 1 and 2, and

Figure 4 is a further enlarged view of an advance
piston of the timing advance arrangement in Figures
1to 3.

Detailed description of preferred embodiments of the in-
vention

[0025] It should be noted that the terms 'upper’ and
'lower’ are used with reference to the orientation of the
fuel injection pump as shown in the drawings and, as
such, are not intended to limit the fuel injection pump to
a particular orientation.

[0026] Referring to Figure 1, a fuel pump, referred to
generally as 10, for use in delivering fuel to an associated,
dedicated injector (not shown) includes a main pump
housing 12 provided with a bore 14 within which a pump-
ing plunger 16 is moved, back and forth, under the influ-
ence of an engine driven cam drive arrangement (not
shown). The plunger bore 14 defines, together with an
upper end surface of the pumping plunger 16, a pumping
chamber 18 within which fuel is pressurised to arelatively
high level as the pumping plunger 16 is driven, in use. A
fill/spill port 20 is provided in the wall of the plunger bore
14 at the end of a drilling 22 which communicates with a
source of fuel at a relatively low pressure, for example a
low pressure displacement pump (not shown). As can be
seenin Figure 2, the pumping plunger 16 is provided with
a helical groove 17 (not visible in Figure 1) on its surface
which defines a lower control edge of the pumping plung-
er 16. The end face of the pumping plunger 16 in the
pumping chamber 18 defines an upper control edge. A
portion of the helical groove 17 on the side of the pumping
plunger 16 is registerable with the fill/spill port 20. Fuel
is delivered to (filled), and expelled from (spilled), the
pumping chamber 18 throughout the pumping cycle of
the pump, depending on the axial and angular position
of the pumping plunger 16 within the bore 14 and, hence,
the position of the helical groove 17 relative to the fill/spill
port 20. An annular shim 23 (referred to as the timing
shim) is provided on the pump housing 12, the thickness
of which is selected so as to compensate for manufac-
turing variability in pump static timing.

[0027] The upper end of the main pump housing 12 is
provided with a recess 24 within which a spring-biased
outlet valve arrangement 26 is received, in a screw
threaded manner, to control the flow of fuel between the
pumping chamber 18 and a pump outlet 28. The pump
outlet 28 connects with a fuel supply pipe (not shown) to
the injector. In use, fuel at relatively high pressure, which
has been pressurised within the pumping chamber 18,
is delivered through the pump outlet 28 to the injector via
the outlet valve arrangement 26, when open. The outlet
valve arrangement 26 is caused to open, against a spring
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force, when fuel pressure within the pumping chamber
18 exceeds a predetermined amount. Injection of fuel
into the engine is initiated in response to fuel being de-
livered to the injector, which initiates opening of the in-
jector. The outlet valve arrangement 26 provides a non-
return valve function so that fuel that is delivered to the
injector is not able to flow back into the pumping chamber
18.

[0028] In order to vary the delivery volume of the fuel
pump 10, the pumping plunger 16 is provided with a con-
trol arm 30 which extends radially away from an approx-
imate midpoint of the pumping plunger 16. A control pin
32 extends downwardly from the control arm 30 and en-
gages with a fuel delivery rack (not shown) when the fuel
pump 10 is mounted within the associated engine. The
position of the fuel delivery rack is determined indirectly
by the engine governor. A locking pin 34 extends through
the upper region of the housing 12 and is received
through a part of a spring abutment plate 36 carried at
the lower end of the pump housing 12 so that a lower tip
of the pin 34 engages with the control arm 30.

[0029] Movement of the rack causes angular move-
ment of the pumping plunger 16 within the plunger bore
14 about its longitudinal axis. The angular position of the
pumping plunger 16 determines the point during the
pumping stroke at which the upper control edge of the
pumping plunger 16 closes the fill/spill port 20 to com-
mence pressurisation and, hence, injection. The angular
position of the pumping plunger 16 also determines the
point during the pumping stoke when the helical groove
17 registers with the fill/spill port 20 to terminate fuel pres-
surisation and, hence, injection. The locking pin 34
serves to lock the control arm 30, and hence the pumping
plunger 16, in position so as to set the pump in a position
in which good cylinder-to-cylinder balance is achieved
for all pumps of the engine. After installation of the pump
in the engine, the locking pin 34 is removed and the rack
moves freely under the influence of the engine governor.
[0030] As shown in more detail in Figure 3, the pump-
ing plunger 16 is received through a plunger return spring
38, in the form of a helical spring, one end of which abuts
the lower end of the spring abutment plate 36 and the
other end of which abuts a first spring cage or housing
40, referred to as the advance piston spring cage, which
forms a part of a cam follower arrangement, referred to
generally as 42. The cam follower arrangement 42 further
includes an advance piston spring 50, in the form of a
helical spring, which is housed within the advance piston
spring cage 40.

[0031] The advance piston spring cage 40 takes the
form of a cup having an annular flange 40a at its base
end and an opening 40b at its top end. The pumping
plunger 16 extends through the opening 40b in the ad-
vance piston spring cage 40 and projects into the main
body of the cup. The upper end of the plunger return
spring 38 abuts the spring plate member 36 carried by
the lower end of the pump housing 12 and the lower end
of the spring 38 abuts the annular flange 40a of the ad-



7 EP 1835168 Al 8

vance piston spring cage 40. The plunger return spring
38 serves to bias the pumping plunger outwardly from
the plunger bore 14 (i.e. in a downward direction in the
orientation shown), towards the cam follower arrange-
ment 42.

[0032] The cam follower arrangement 42 is interposed
between the engine driven cam and the pumping plunger
16 and includes a follower or drive member in the form
of a tappet 44. A lower region of the tappet 44 defines a
downwardly depending arch 46 which is shaped to co-
operate with a cam roller 48. As is known in the art, the
engine driven cam provides a lobed cam surface which
the cam roller 48 rides over as the cam rotates. As the
roller 48 rides up the cam lobe the pumping plunger 16
is driven to perform the pumping stroke and as the roller
48 rides down the cam lobe the pumping plunger 16 per-
forms the return stroke.

[0033] Atthe foot of the pumping plunger 16, its lower
face abuts a timing advance piston 56 (referred to as the
advance piston) which is received within a blind bore 58
provided in the upper region of the tappet 44. The ad-
vance piston 56 defines an internal chamber, referred to
as the control chamber 60. The control chamber 60 is
further defined by a lower region 58a of the tappet bore,
of reduced diameter, and includes an upper chamber re-
gion 60a. The advance piston 56 is movable within the
tappet bore 58 under the influence of a control means
(not shown) for controlling the supply of fluid (e.g. oil) to
the control chamber 60. In response to the control means,
the advance piston is operable to move between retarded
and advanced positions. The advance piston spring 50
applies a biasing force to the advance piston 56 so as to
bias the advance piston 56 into its retarded position in
which it rests against the base 58b of the tappet bore 58.
In response to a supply of fluid to the control chamber
60, the advance piston 56 is moved away from its retard-
ed position, against the advance piston spring force, into
an advanced position, as will be described in further detail
below.

[0034] The advance piston spring 50 is nested within
the advance piston spring cage 40 so that a lower end
of the pumping plunger 16 is received through the ad-
vance piston spring 50. A spring plate 52 carried by the
lower end of the pumping plunger 16 provides an abut-
ment plate for the lower end of the advance piston spring
50. The upper end of the advance piston spring 50 en-
gages an internal surface of the advance piston spring
cage 40. The advance piston spring cage 40 is itself re-
ceived within the plunger return spring 38, so that the
advance piston spring 50 and the plunger return spring
38 are substantially coaxial with one another. The ad-
vance piston spring cage 40 is connected, via its annular
flange 40a, to the tappet 44.

[0035] This particular arrangement of springs 38, 50
is advantageous as it ensures that the pre-load of the
advance piston spring 50 is consistent between different
fuel pumps, regardless of the particular timing shim 23
that is used to set the static timing of the pump. The ben-
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efit is achieved because the advance piston spring 50 is
biased against the advance piston spring cage 40 mount-
ed on the tappet 44, and not against the shim 23 of the
pump housing 12 as in conventional arrangements.
[0036] A second spring cage 64 is received within the
control chamber 60, the second spring cage 64 having
an annular flange 64a at its base which locates within
the lower region 58a of the control chamber 60. A retain-
ing spring 62 for the second spring cage 64 is also re-
ceived within the control chamber 60. The upper end of
the cage retaining spring 62 is engaged with the upper
internal surface of the control chamber 60, whilst the low-
er end of the spring 62 is engaged with the annular flange
64a of the second spring cage 64. The cage retaining
spring 62 provides a relatively low force to the flange 64a
of the second spring cage 64 to ensure that the cage is
maintained in position throughout the pumping cycle, and
particularly during that part of the cycle for which the roller
48 is decelerating over the nose of the cam (i.e. that part
of the pumping cycle for which the pumping plunger 16
is decelerating).

[0037] The control means for the advance piston 56
includes a temperature-sensitive valve which is operable
in response to engine temperature so as to control fluid
supply through an inlet port 66a of a supply passage 66
providedinthe tappet44. The supply passage 66 extends
laterally through the tappet 44 and terminates at a blind
end. A side passage 68 from the supply passage 66 pro-
vides acommunication path between the supply passage
66 and the control chamber 60 via a non-return valve 70
located at the inlet to the chamber 60. The non-return
valve 70 includes a ball which is biased against a ball
valve seating by means of a ball valve spring 72 which
is held in place within the second spring cage 64. The
non-return valve 70 is biased by means of the ball valve
spring 72 to close communication between the supply
passage 66 and the control chamber 60. The second
spring cage 64 not only retains the ball valve spring 72
in place, but also serves to limit the extent of ball valve
lift away from the ball valve seating.

[0038] As can be seen more clearly in Figure 4, the
advance piston 56 is provided with a lateral drilling 74
which extends from the upper end region 60a of the con-
trol chamber 60 to the outer circumferential surface of
the advance piston 56. The outer surface of the advance
piston 56 is provided with an annular groove 76, which
extends around the full circumference of the piston sur-
face and with which a radially outermost end of the lateral
drilling 74 communicates. The lateral drilling 74 and the
annular groove 76 together define a balancing or cen-
tralising means for the advance piston 56. The balancing
effectis provided as fluid that is delivered from the control
chamber 60 through the lateral drilling 74 to the annular
groove 76 exerts a balanced radial load to the full cir-
cumference of the advance piston 56, as described fur-
ther below.

[0039] In general, the cam follower arrangement 42
cooperates with the engine driven cam, in use, so as to
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drive the pumping plunger 16 within the plunger bore 14
in a reciprocating manner. The pumping plunger 16 is
driven by means of the cam follower arrangement 42 to
perform the pumping stroke, during which fuel within the
pumping chamber 18 is pressurised, following which the
pumping plunger 16 performs a return stroke, in which it
is withdrawn from the plunger bore 14 under the force of
the plunger return spring 38 and the pumping chamber
18 is filled.

[0040] More specifically, during the return stroke as
the roller 48 passes over the return flank portion of the
lobe of the cam, the pumping plunger 16 is retracted from
the plunger bore 14 under the influence of the plunger
return spring 38. The helical groove 17 on the pumping
plunger 16 aligns with the fill/spill port 20 and fuel is drawn
into the expanding volume of the pumping chamber 18
through the port 20. Additional fuel is drawn into the
pumping chamber 18 after the pumping plunger 16 has
withdrawn sufficiently far from the plunger bore 14 for the
upper control edge on the pumping plunger 16 to have
passed the fill/spill port 20. The advance piston spring
50 applies a biasing force to the foot of the pumping
plunger 16 (via the spring plate 52) so as to ensure con-
tact is maintained between the pumping plunger 16 and
the advance piston 56 during this stage of operation. The
plunger return spring 38 serves to maintain contact be-
tween the cam follower arrangement 42 and the cam.
[0041] As the roller 48 rides up the lobe of the cam
during the pumping stroke, the tappet 44 is driven in an
upwards direction (in the orientation shown), which, via
the advance piston 56, causes the pumping plunger 16
to be driven inwardly within the plunger bore 14 to reduce
the volume of the pumping chamber 18 (the plunger
pumping stroke). For that period of the pumping stroke
after which the upper control edge of the pumping plunger
16 closes the fill/spill port 20, and before the lower control
edge defined by the helical groove 17 opens the fill/spill
port 20, fuel within the pumping chamber 18 is pressu-
rised. As pumping plunger 16 carries out its pumping
stroke, the pressure of fuel in the chamber 18 is in-
creased, the outlet valve 26 is caused to open and hence
fuel is delivered to the downstream injector. A point will
be reached at which the helical groove 17 on the pumping
plunger 16 becomes aligned with the fill/spill port 20 so
that fuel within the pumping chamber 18 is displaced to
the low pressure drain. This point of alignment between
the groove 17 and the port 20 dictates termination of fuel
pressurisation and, hence, injection.

[0042] It will be appreciated that the axial position of
the advance piston 56 (together with the angular position
of the pumping plunger 16) dictates the point in the pump-
ing stroke during which pressurisation is commenced, as
the axial position of the advance piston 56 within the tap-
pet bore 58 dictates, in conjunction with the plunger tim-
ing control features, the timing of injection. The angular
position of the pumping plunger 16 determines the point
in the pumping stroke at which the helical groove 17 is
aligned with the fill/spill port 20 to terminate injection.
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Operation of the timing advance arrangement to adjust
the timing of commencement of fuel injection will now be
described.

[0043] If the temperature of the engine is less than a
predetermined amount, the temperature-sensitive valve
is opened so as to allow fluid to flow through the supply
passages 66, 68 in the tappet 44 into the control chamber
60. The temperature-sensitive valve is open when the
engine is started and stays open until the engine reaches
its normal operating temperature, at which time it shuts.
[0044] With the temperature-sensitive valve open, fuel
is able to flow through the passages 66, 68 in the tappet
44. This occurs for the lower (initial) part of the stroke,
after which the supply of fluid is cut off due to the inlet
port 66a of the supply passage 66 becoming misaligned
with the fluid supply. As aresult of the fluid being supplied
through the passages 66, 68, the non-return valve 70 is
caused to lift from its seat, against the force of the ball
valve spring 72, and fluid flows into the control chamber
60. As the cam follower 42 and the pumping plunger 16
start to move upwards on the pumping stroke, the non-
return valve 70 is caused to close and fluid is retained in
the control chamber 60.

[0045] Typically, after several rotations of the engine,
the pressure build up in the control chamber 60 applies
a hydraulic lifting force to the advance piston 56. The
advance piston spring 50 opposes movement of the ad-
vance piston 56 until the force due to the fluid pressure
in the control chamber 60 matches the pre-load of the
spring 50, after which the advance piston 56 is caused
to move upwards within the tappet bore 58, against the
spring force. As aresult, the axial position of the pumping
plunger 16 within the plunger bore 14 is advanced and
the timing of commencement of pressurisation is ad-
vanced for subsequent pumping cycles. Upward move-
ment of the advance piston 56 is limited by contact with
the lower surface ofthe annular flange 40a of the advance
piston spring cage 40.

[0046] The force due to fuel pressure in the pumping
chamber 18, which opposes the driving load, leads to
fluid in the control chamber 60 flowing into the lateral
drilling 74 and, hence, into the groove 76 in the outer
surface of the piston 56. The effect is greatest under high
load conditions when fuel within the pumping chamber
18 is fully pressurised. In ideal conditions, the pressure
is balanced between the groove 76 and the control cham-
ber 60. The presence of fluid in the groove 76 applies a
radial force to the advance piston 56 around its full cir-
cumference which tends to compensate for any off-axis
tilt that may otherwise occur and/or for any concentricity
misalignment between the tappet bore 58 and the ad-
vance piston 56. It is therefore one benefit of the feature
of the groove 76 that tilt of the advance piston 56 within
the tappet bore 58 is reduced, hence reducing the risk
of the advance piston 56 digging into the tappet bore 58
and also reducing the risk wear.

[0047] Asthetemperature of the engine increases, the
temperature-sensitive valve is operated so as to close
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the supply of fluid to the control chamber 60 through the
passage 66, 68 in the tappet 44. As a result, fluid within
the control chamber 60 will leak to drain through the lat-
eral drilling 74 and the groove 76, via the clearance be-
tween the tappet bore 58 and the outer surface of the
advance piston 56. As fluid leaks from the control cham-
ber 60, the hydraulic lifting force acting on the advance
piston 56 is reduced so that the advance piston 56 is
urged back towards its retarded position in which its lower
surface abuts the base 58a of the tappet bore 58 (i.e. the
position shown in Figure 3). In this position the pumping
plunger 16 adopts a lower starting position in the plunger
bore 14 so that the timing of commencement of pressur-
isation on the pumping stroke is retarded, compared with
the situation described previously.

[0048] Itwillbe appreciated thatthe particular arrange-
ment of the lateral drilling and the groove need not be as
shown in the accompanying figures in order to achieve
the aforementioned benefits. For example, it is possible
to provide a plurality of drillings between the control
chamber and the groove. Also, the or each drilling need
not communicate with the uppermost end 60a of the con-
trol chamber 60, as described previously, but may be
positioned part way along the axial length of the control
chamber. At the expense of some benefit in providing an
anti-tipping force, the annular groove may also be re-
placed by two or more part-annular grooves, positioned
directly opposite one another on the circumferential sur-
face of the advance piston.

[0049] In a further modification, the drilling 74 to the
groove 76 may be angled and or more than one groove
may be provided along the axial length of the advance
piston 56. Other options for the non-return valve 70, other
than a ball valve, are also possible, for example a plate
valve or a cone-to-cone valve.

Claims

1. A fuel pump (10) for use in an internal combustion
engine, the fuel pump comprising:

a pump housing (12) provided with a plunger
bore (14),

a pumping plunger (16) which is movable within
the plunger bore (14) by means of a cam drive
arrangement to perform a pumping stroke to
pressurise fuel within a pumping chamber (18),
a cam follower arrangement (42) interposed be-
tweenthe camdrive arrangement and the pump-
ing plunger (16) so as to transmit a drive force
of the cam drive arrangement to the pumping
plunger (16), wherein the cam follower arrange-
ment (42) includes a timing advance piston (56)
for advancing or retarding the timing of the
pumping stroke, and

control means for controlling the timing advance
piston (56) so as to advance or retard the timing
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11.
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of the pumping stroke,

characterised in that the timing advance piston
(56) is provided with a groove (76) on its outer sur-
face for receiving fluid, thereby to provide a central-
ising force to the timing advance piston (56), in use.

The fuel pump (10) as claimed in claim 1, wherein
the cam follower arrangement includes a follower
body (44) provided with a bore (58) within which the
timing advance piston (56) is movable.

The fuel pump (10) as claimed in claim 1 or claim 2,
wherein the groove is an annular groove (76) which
extends fully around the circumference of the outer
surface of the timing advance piston (56).

The fuel pump (10) as claimed in any one of claims
1to 3, wherein the timing advance piston (56) defines
a control chamber (60) for receiving fluid under the
control of the control means.

The fuel pump (10) as claimed in claim 4, wherein
the control means includes a valve for controlling
fluid supply to the control chamber (60).

The fuel pump (10) as claimed in claim 5, wherein
the valve is a temperature-sensitive valve which is
operable to permit fluid supply to the control chamber
(60) under relatively cold conditions.

The fuel pump (10) as claimed in any of claims 4 to
6, wherein the control means includes a non-return
valve (70) arranged at an inlet to the control chamber
(60).

The fuel pump (10) as claimed in claim 7, wherein
the non-return valve (70) is retained within a further
spring cage (64) located within the control chamber
(60).

The fuel pump (10) as claimed in claim 8, including
a retaining spring (62) which acts on the further
spring cage (64) to retain the further spring cage (64)
in position during the return stroke of the pumping
plunger (16) and a period of the pumping stroke of
the pumping plunger (16) for which the pumping
plunger is decelerating.

The fuel pump (10) as claimed in any one of claims
4 to 9, wherein the control chamber (60) communi-
cates with the groove (76) by means of a lateral drill-
ing or bore (74) provided in the timing advance piston
(56).

The fuel pump (10) as claimed in any one of claims
1to 10, including a plunger return spring (38) which
serves to bias the pumping plunger (16) outwardly
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from the plunger bore (14) to perform a return stroke.

The fuel pump (10) as claimed in claim 11, wherein
the cam follower arrangement includes an advance
piston spring (50) which urges the timing advance
piston (56) into a retarded position.

The fuel pump (10) as claimed in claim 12, wherein
the cam follower arrangementincludes a spring cage
(40) which houses the advance piston spring (50).

The fuel pump as claimed in claim 13, wherein an
end of the pumping plunger (16) is received within
the spring cage (40).

The fuel pump (10) as claimed in claim 13 or claim
14, wherein one end of the advance piston spring
(50) is in engagement with an internal surface of the
spring cage (40).

The fuel pump (10) as claimed any one of claims 13
to 15, wherein one end of the advance piston spring
(50) is in engagement with a spring plate (52) carried
by the pumping plunger (16).

The fuel pump (10) as claimed in any one of claims
13 to 16, wherein the spring cage (40) is carried by
adrive member (44) of the cam follower arrangement
(42).

The fuel pump (10) as claimed in any one of claims
12to 17, wherein the advance piston spring (50) and
the plunger return spring (38) are substantially con-
centric with one another.

A fuel pump (10) for use in an internal combustion
engine, the fuel pump comprising:

a pump housing (14) provided with a plunger
bore (16),

a pumping plunger (16) which is movable within
the plunger bore (14) by means of a cam drive
arrangement to perform a pumping stroke to
pressurise fuel within a pumping chamber (18),
and

a cam follower arrangement (42) interposed be-
tweenthe cam drive arrangement and the pump-
ing plunger (16) so as to transmit a drive force
of the cam drive arrangement to the pumping
plunger (16), wherein the cam follower arrange-
ment (42) includes a timing advance piston (56)
for advancing or retarding the timing of the
pumping stroke which is biased into a retarded
position by means of an advance piston spring
(50),

characterised in that the cam follower arrange-
ment (42) includes a spring cage (40) which houses
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the advance piston spring (50).

The fuel pump as claimed in claim 19, wherein an
end of the pumping plunger (16) is received within
the spring cage (40).

The fuel pump (10) as claimed in claim 19 or claim
20, wherein one end of the advance piston spring
(50) is in engagement with an internal surface of the
spring cage (40).

The fuel pump (10) as claimed any one of claims 19
to 21, wherein one end of the advance piston spring
(50) is in engagement with a spring plate (52) carried
by the pumping plunger (16).

The fuel pump (10) as claimed in any one of claims
19 to 22 wherein the spring cage (40) is carried by
adrive member (44) of the cam follower arrangement
(42).
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